Objectives-Lack of feeling connected and poor social problem solving has been described in suicide attempters. However, cognitive substrates of this apparent social impairment in suicide attempters remain unknown. One possible deficit, the inability to recognize others' complex emotional states has been observed not only in disorders characterized by prominent social deficits (autism-spectrum disorders and frontotemporal dementia) but also in depression and normal aging. This study assessed the relationship between social emotion recognition, problem solving, social functioning, and attempted suicide in late-life depression.
emotion recognition in the suicide attempter group was related to global cognitive decline, thus it is possible that cognitive decline is one of the risk factors for suicide attempt in late-life, interacting with social deficits and psychosocial factors.
Objectives
Suicide rates are the highest in old age in almost every country in the world. Yet, it is difficult to identify those at risk, since known risk factors, such as depression, pain, disability, or financial problems have limited predictive power (1) (2) (3) . The role of deficits in cognitive abilities is a poorly understood part of the suicidal diathesis (4, 5) , especially in older adults (6) . The failure to deal with social stressors may play a particularly important role in suicidal behavior, and indeed suicide attempters report difficulties resolving social problems in questionnaire-based studies (7, 8) . However, cognitive substrates of this apparent social incompetence in suicide attempters remain unknown. It is conceivable that a misperception of others' emotions can undermine social problem solving, leading to feelings of hopelessness in the face of losses, conflict, and dependence on caregivers. Deficits in emotion recognition may lead to low levels of social connectedness and belonging, known risk factors for suicide attempt and death by suicide in late life (9) (10) (11) .
Lesion studies indicate that emotion recognition and other social cognitive abilities depend critically on the orbitofrontal cortex (12) (13) (14) . Patients with early frontal variant frontotemporal dementia, characterized by orbitofrontal degeneration, are impaired on social cognition tasks when compared to patients with Alzheimer's disease (15, 16) . In turn, postmortem (17) and in vivo imaging (18, 19) studies implicate alterations in the orbitofrontal cortex in completed and attempted suicide. For example, euthymic suicide attempters showed greater BOLD response in the right lateral orbitofrontal cortex during processing of angry faces, compared to non-suicidal affective controls (18) . Converging with these results, a study of depressed individuals (20) found that performance on the Reading the Mind in the Eyes test (RME) (21, 22) , a widely used measure of complex social emotion recognition, was impaired in individuals with suicidal thoughts, anhedonia, and guilt, or "hopelessness depression", but unrelated to the overall severity of depression. Given that normal aging is associated with a decline in emotion recognition (23) , deficits in social cognition may be particularly pertinent to suicidal behavior in the elderly.
To examine whether impaired emotion recognition and broader social functioning are associated with attempted suicide in old age, we conducted a study in older patients with depression with or without suicide attempts, and in non-depressed elders. We hypothesized that suicide attempters would show impaired social emotion recognition and social problem solving compared both to depressed non-suicidal elders and to the non-psychiatric comparison subjects. Since older suicidal individuals may be socially isolated and may experience conflict in their relationships (10, 11, 24, 25) , we also assessed social network diversity, number and frequency of contacts, perceived social support, and chronic interpersonal difficulties. Finally, we explored whether emotion recognition abilities in suicide attempters are associated with self-reported social problem solving, overall cognitive performance, chronic interpersonal difficulties, and medical lethality of the suicide attempt.
Methods
Ninety participants aged 60 and older were recruited between June 2006 and October 2009: 24 depressed suicide attempters and 38 non-suicidal depressed elders were recruited on an inpatient psychogeriatric unit and in a late-life depression clinic; 28 elders with no psychiatric history were recruited from University and community primary care practices. Depressed participants met criteria for major depressive disorder as determined by the Structured Clinical Interview of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Axis I Disorders (SCID-IV). Suicide attempts were defined by the O'Carroll criteria (self-injurious act with the intent to die) (26) . Non-suicidal depressed participants had no life-time history of suicidal ideation, attempt, or non-suicidal self-injury as ascertained with the SCID and Beck's Scale for Suicidal Ideation (SSI) total score of less than 3 and item 4 (Desire to make an active suicidal attempt) score of 0. We also excluded subjects from the non-suicidal depressed group if they endorsed indirect self-destructive behavior based on a score of 1 or higher on item 5 of the SSI. Depressed participants with co-morbid anxiety disorders or substance use disorders were included to enhance the representativeness of the sample. However, to ensure that there was no acute effect of substance intoxication or withdrawal on cognitive performance, we delayed testing if there was any indication of intoxication or withdrawal within 72 hours. We excluded patients with bipolar disorder, schizophrenia, schizoaffective disorder, sensory disorders that precluded cognitive testing, dementia or severe cognitive impairment as reflected by a score of 23 or lower on the Mini-Mental State Examination (MMSE). Patients who had received electroconvulsive therapy in the previous 6 months and those with neurological disorders, such as stroke, epilepsy, known neurodegenerative disorders, and brain tumors, were also excluded. Non-psychiatric controls could not meet criteria for any SCID-IV diagnosis. All participants provided written informed consent as required by the University of Pittsburgh Institutional Review Board.
Procedures
Depressed participants were assessed within two weeks of inpatient admission or at the initiation of outpatient treatment. They continued to receive psychotropic medications as indicated clinically. The study assessments were administered by trained study clinicians, all of whom were required to complete regular inter-rater reliability testing. After informed consent was obtained, participants' clinical charts were extensively reviewed to determine past history and severity of any suicide attempts.
Assessments of Clinical Characteristics and Suicidality-Psychiatric diagnoses were made using the SCID-IV and reviewed and verified at research consensus conferences. Depression severity was measured using the 16-item version of the Hamilton Rating Scale for Depression (HRSD-16) that consists of the 17-item version minus the suicide item. The intensity of pharmacotherapy for the current episode of depression was assessed with the cumulative strength score from the Antidepressant Treatment History Form (27) . Burden of physical illness was assessed with the Cumulative Illness Rating Scale adapted for Geriatrics (28).
Significant others (family or friends) were asked to sign a separate consent and information on suicide history and clinical course was collected from interviews with significant others. Suicide attempt history was verified by a study psychiatrist, using the interview, medical records, information from the treatment team, and information from family or friends (obtained through separate consent). We excluded participants with significant discrepancies between these sources. All attempters had current suicidal ideation and an active plan as measured by the SSI (29) . In attempters, the severity of suicidal intent associated with the attempt was assessed using the Suicidal Intent Scale (30) . The medical lethality of the attempt was measured using Beck's Lethality Scale (31) . Finally, to control for possible effects of brain injury related to the suicide attempt, study psychiatrists (KS or AYD) assessed participants for any attempts with a score of ≥4 on the Beck's Lethality Scale and any history of systemic hypotension lasting >5 minutes, or asphyxia, or neurotoxic ingestion.
Social Emotion Recognition-The RME (21, 22) was used to measure the capacity for subtle discrimination of others' emotions. This test comprises 36 photographs of facial expressions of complex, social emotions such as suspiciousness, flirtatiousness, irritated. In each photo, only the eye region of the face is visible. Participants were asked to describe the expression from a list of four adjectives. Participants were offered definitions of each adjective if they did not understand the word. This is a challenging test that is capable of detecting subtle impairment, even though there is minimal demand on executive function: healthy middle age adults perform at about 70% accuracy (22) .
Social Functioning-The Social Network Index (32) was used to evaluate participants' social relationships, including those with children, friends, parents, parents-in-laws, siblings. We also assessed participants' perceived levels of social support using the Interpersonal Support Evaluation List (ISEL), that includes four sub-scales--appraisal, belonging, selfesteem, and tangible support--and also provides an overall measure of support (33) . A 15-item version of the Inventory of Interpersonal Problems (IIP) was used to assess chronic interpersonal difficulties (34) . Sub-scales on the IIP include measures of interpersonal sensitivity (strong affectivity and reactivity in interpersonal settings), interpersonal ambivalence (struggle against others and an inability to join collaboratively with others), and aggression (hostile interpersonal content). We used the Social Problem Solving InventoryRevised (SPSI-R) (35) to assess participants' perceptions of their social problem-solving ability.
Cognitive Abilities-The MMSE (36) and the Mattis Dementia Rating Scale (DRS) (37) were used to assess global cognition. In addition, we assessed executive functioning with the Executive Interview (EXIT25) (38) .
Statistical Analyses
Continuous measures were compared among the three groups using one way analyses of variance (ANOVA); categorical data were compared with chi-square tests. All tests were two-sided. An analysis of covariance (ANCOVA) was conducted to compare the number of errors on the RME with age, gender, education, substance abuse, and DRS scores as covariates. Tukey Honestly Significant Difference (HSD) post-hoc tests were conducted when significant differences were detected among the groups. Within the attempter group, we also examined Spearman correlations between the RME and Social Problem Solving Inventory subscales, cognitive performance, depression, IIP subscales, and lethality of suicide attempt.
Results
Demographic and Clinical Characteristics (see Table 1 )
There were no statistical differences among the three groups in age, gender, race, marital status, level of education, MMSE or EXIT scores. There was no significant difference in gender distribution although we note that 61% of the elders with no psychiatric history were men vs. 38% of attempters and 34% of non-suicidal depressed subjects. Attempters had significantly lower DRS scores than the two other groups. Levels of physical illness burden (CIRS-G scores) and intensity of pharmacotherapy for the current episode of depression (ATHF strength) were similar in the two depressed groups. The lifetime prevalences of comorbid anxiety disorders were similar in the two depressed groups (attempters: 16 Suicide attempters reported serious ideation and suicidal intent as indicated by their mean (SD) current suicidal ideation score (18.6 (9.5)) and intent score (15.5 (5.1)); the mean (SD) medical lethality of their suicide attempts was 3.5 (2.0). Fifteen out of the 24 attempters made their first suicide attempt after age 60, in addition, all attempters had current suicidal ideation and an active plan. Fifteen of the 24 attempters had one suicide attempt, 5 made two attempts and 4 made four attempts. Table 2 and Figure 1) One-way ANOVA of error rates on the RME revealed a significant group effect (F= 4.25, df=2,87, p=0.017), with significantly more errors in the suicide attempters compared to nonpsychiatric controls (Tukey HSD p=0.05). Non-suicidal depressed participants displayed intermediate performance and did not differ significantly from the other two groups. The difference between attempters and non-psychiatric controls on the RME remained after excluding 2 suicide attempters with possible anoxic/hypoxic brain injury secondary to the suicide attempt (F=5.10, df=2,85, p=0.008). After controlling for age, gender, education, and co-morbid substance use disorders, the group difference remained significant (ANCOVA F=3.68, df=2,83 p=0.03). However, when we also controlled for global cognition measured by the DRS, the group effect became non-significant.
Social Emotion Recognition (see
Within the suicide attempters (N=24), we assessed correlations among social emotion recognition and measures of cognitive performance, chronic interpersonal difficulties, depression severity, lethality of suicide attempt, and problem solving abilities. There was a significant correlation between global cognitive performance measured by the DRS and emotion recognition (r=−0.44, p=0.0001), but not with executive performance or with interpersonal difficulties measured by the IIP. There was no correlation between emotion recognition and the severity of depression (measured by the HRSD-16) (r=0.22, p=0.303). Poorer emotion recognition was marginally related to the lethality of the attempt (r=0.39, p=0.05). The association between dysfunctional problem solving (higher levels of negative problem orientation: r=0.42, p=0.059 and impulsive/careless problem solving style: r=0.41, p=0.058) and impaired emotion recognition did not reach statistical significance. Table 2 )
Social Functioning (see
There were significant group differences on each of the three subscales of the IIP. Both depressed groups reported higher levels of interpersonal sensitivity than elders with no psychiatric history (F=9,15, df=2,83, p=0.0001, Tukey HSD p=0.05, A,D>C). Levels of interpersonal aggression were higher in suicide-attempters than non-psychiatric comparators (F=7.44, df=2,82, p=0.002, Tukey HSD p=0.05, A>C). Finally, suicide attempters reported greater interpersonal ambivalence than both non-suicidal depressed and non-psychiatric controls (F=7.57, df=2,82, p=0.001, Tukey HSD p=0.05 revealed that A>C,D). The suicide attempters had significantly lower scores than the depressed and non-depressed comparators on the belonging, tangible support, and self-esteem subscales of the ISEL.
The suicide attempters had fewer close friends than the non-psychiatric comparators as measured by the Social Network Index. While the number of children was similar in the three groups, suicide attempters reported less contact with children than both non-suicidal depressed and non-psychiatric elders. None of the attempters participated in volunteer work; in contrast, one third of non-suicidal depressed or non-depressed participants were involved in volunteer activities. The number of participants that engaged in religious groups was similar (approximately two thirds) in each group.
Conclusions
We identified a deficit in the recognition of complex social facial emotions in older suicide attempters compared to non-psychiatric controls. However, this effect could not be disaggregated from reduced global cognition in suicide attempters. The performance of nonsuicidal depressed elders was intermediate between the two groups. There were several indicators of poor social functioning in suicide attempters: they reported a pattern of struggle against others, hostility in relationships, and a perceived lack of social support. Also, their social networks were constricted: they were less likely talk to their children, had fewer close friends, and did not do any volunteer work. Thus, attempted suicide in late life seems to be associated with interpersonal relationships that are disruptive rather than supportive and social isolation.
Social emotion recognition, social problem-solving and suicidal behavior-
The emotion recognition performance of non-psychiatric controls (11.5/36 errors) was comparable with that reported in younger adults with a mean age of 46.5 (10/36 errors) (22) . The performance of older suicide attempters (16/36 errors) was similar to that of young adults with high-functioning autism (mean age: 30, 14/36 errors), but there was no significant difference between the depressed non-suicidal and the attempter groups. Our results extend the findings of Lee and colleagues (20) of impaired performance on the RME in younger individuals with "hopeless, suicidal depression". Social cognition is a prerequisite for interpersonal cooperation and empathy, and impaired social cognition may cause miscommunication, disrupt interpersonal relationships, and undermine social support. These data are in agreement with our clinical observations that suicidal elders have difficulties in establishing and maintaining relationships, possibly indicating poor social abilities. Emotion recognition ability in the non-suicidal depressed participants fell intermediate between the suicide attempters and the non-psychiatric comparators, and did not differ significantly from either group. One interpretation of this pattern is that, as Lee and colleagues (20) suggested, emotion recognition difficulties are selectively associated with a cognitive dimension of depression, which includes hopelessness and suicidal behavior. Difficulties in recognition of higher-level emotions from facial expressions increase the likelihood of inappropriate emotional and behavioral responses, experiencing social interactions negatively, and may also contribute to emotion dysregulation. In turn, poor communication skills related to difficulties in recognizing emotions contribute to interpersonal problems and maintenance of psychopathology (23, 39) .
Suicide attempters demonstrated a reduced cognitive ability on the DRS, and this effect was correlated significantly with the impairment in recognition of facial emotions. Thus, it is likely that impaired emotion recognition is related to global cognitive decline. However, deficits in emotion recognition were not related to anoxic/hypoxic brain injury secondary to the suicide attempt or to age, gender, education or comorbid substance misuse. In other neuropsychiatric disorders, deficits in social cognition are not systematically related to overall cognitive decline but to specific cognitive decline affecting the frontal and temporal lobes (23) . Interestingly, in a previous study, deficits in social cognition (including the RME) were seen in cases with frontal variant fronto-temporal dementia (affecting the orbitofrontal cortex), but not in patients with Alzheimer's disease (40) . Our cross-sectional study cannot answer the question whether impaired emotion recognition is a stable longstanding risk factor for suicidal behavior that may interact with age-related environmental and socioemotional factors, or whether declining emotion recognition in old age increases suicide risk in late-life.
Social networks, interpersonal problems, social support, and suicidal behavior-It has been suggested that social support networks have a buffering effect, protecting people from the impact of stressors. Our results confirm previous reports of poor interpersonal functioning in elderly suicide attempters compared to both non-suicidal depressed and non-psychiatric elders. This poor interpersonal functioning was indicated by several measures: perceived social support, social network index, and chronic interpersonal difficulties. Attempters reported lower levels of belonging, self-esteem, tangible support, and lower levels of problem-solving abilities than both non-suicidal depressed and nonpsychiatric controls. Although the number of children were similar in the three groups, attempters were less likely to be in regular contact with their children than both non-suicidal depressed participants and the non-psychiatric comparators, implying strained relationships with their offspring. Attempters were less likely to have close friends and they did not participate in any volunteer activities. Small social networks, infrequent participation in social activities, and perceived isolation all have been linked to mental health problems in older adults (41, 42) . In an older person who has few meaningful relationships, deficits in social cognition and ensuing social problems may be particularly likely to result in suicidal behavior.
Limitations and strengths-The cross-sectional design of our study is a major limitation which precludes causal inferences. Our results suggest that depressed older people who fail to recognize others' emotions experience an accumulation of social problems that, in turn, predispose them to suicidal behavior, although this pathway can only be confirmed in a prospective design. We used a single measure of social cognition (the RME), although previous research has shown this test to correlate with other measures of social cognition (43) . Our analyses benefited from comparison groups of both non-suicidal depressed and non-psychiatric elders. Given similar demographic characteristics and medical illness burden in the three groups, observed differences in volunteer activities or in interpersonal contacts cannot be attributed to frailty.
In summary, our findings indicate that impaired social problem solving, constricted social networks, and proneness to conflict (chronic interpersonal difficulties which may lead to lack of perceived social support) are associated with attempted suicide in late-life depression. The deficit in social cognition in the attempters was not statistically significant in comparison to the non-suicidal depressed group, and did not survive controlling for global cognitive decline, thus could be an epiphenomenon of other cognitive deficits related to suicidality. Nevertheless, this constellation of psychological difficulties is likely to hinder interpersonal functioning, leading to conflicts and social isolation. Social cognition deficits may not only heighten suicide risk but may be treatment moderators, and may partly explain why suicidal elders have difficult-to-treat depression (44) . This study adds to the growing literature on specific cognitive impairments in younger (5), (45) and older (46) attempters. By identifying cognitive mechanisms that contribute to the accumulation of stressors and to the lack of protective factors in suicidal individuals, we can improve our understanding of the individual diathesis leading to suicidal behavior. In addition, remediating these cognitive deficits by skilled-based interventions could be an important focus of personalized treatment. If social cognition impairments are irreversible, significant others could be made aware of these deficits and family may reduce its impact by compensating for it. Suicide attempters made significantly more mistakes than non-psychiatric controls (F=4.25, df=2,87, p=0.02). The difference remained significant after controlling for age, gender, education, and substance abuse (ANCOVA F=3.68, df=2,83 p=0.03). 
